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Abstract 


Low  dispersion  object  ive-prisir.  spectra  (=?  10,000  t/nrt)  have  been 


obtained  nf  galaxies  in  the  Cora  and  Viroo  Clusters.  Composite  color 
indices  were  derived  frcr.  the  spectra,  which  when  ccrbined  with  ra?rituc:es 


obtained  frcn  the  Catalogue  of  Galaxies  fend  of  Clusters  cf  Galaxies, 
(Zwicky  et  al.)  allowed  color  rarnitude  diarrars  for  the  clusters  to  fcs 


drawn.  .  The  differences  between  the  diarrars  for  differs  l*w  C^'Jou  indicate 
that  the  rethc-d  will  prove  useful  in  the  study  cf  the  color  distribution 
■  within  clusters  cf  galaxies,  as  well  as  in  the  identification  of  the 
bluest  and  reddest  salaries  which  ri?r.U  warrant  further  study  at  a  higher 
dispersion,  f 

Introduction 


Philip  Cm  •«*  V&  A  L  eak  (19-6)  discussed  lew  dispersion  spectra  cf 
stars  and  salaries  obtained  with  the  V.err.er  and  Swasey  2b -inch  Eurrell 
§chsdct  telescope.  Two  objective  prisms  were  counted  so  that  their  dis- 
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prisms  were  rotated  173°  away  from  each  other*  spectra  of  very  low  dis¬ 
persion  were  produced.  An  unfiltered  Kodak  II  emulsion  records  informa¬ 
tion  from  f  .  'jQ  A  to  3500  JL  The  dispersion  a*  the  blue  end  was  about 

• 

3000  S/m  and  about  20,000  S/nn  at  the  red  end. 

After  inspection  of  a  number  of  such  low  dispersion  plates  taken 
at  hi^h  galactic  latitudes,  we  concluded  that  a  large  percentage  of  the 
galaxies  on  our  plates  formed  semi-stellar  spectra  because  of  the  con¬ 
centration  of  light  in  their  nuclei.  Headers  are  referred  to  the  above- 
mentioned  article  for  figures  illustrating  the  effect  of  changing  the 
orientation  of  the  nr’ sms  and  typical  spectra  of  stars  and  galaxies 
obtained. 

A  90-minute  ammoniated  Kodak  IN  emulsion  reached  galaxies  to  15.7* 

The  limiting  magnitude  of  the  galaxies  listed  in  the  Catalogues  of  Ga¬ 
laxies  arid  Clusters  of  Galaxies  (Zwicky  et  al  1961,  1963)  is  16. 0.  Thus 
'  if  some  sort  of  classification  scheme  could  be  devised  for  galaxies 
that  would  sort  then  by  color,  according  to  the  distribution  of  light 
within  their  spectra,  then  color-magnitude  diagrams  could  be  plotted  for 
galaxies  in  a  cluster.  To  investigate  this  possibility,  we  obtained  plates 
;*  of  the  Virgo  and  Coma  Clusters  and  classified  all  the  galaxies  to  the 
limiting  magnitude  op£he  plates  according  to  a  method  which  will  be 
described  next.  A  preliminary  report  cn  this  project  was  given  by  Philip 

"(1968).  FR«Dfoduced  «ro"» 
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Oomnoslte  Color  Index 

Since  one  is  dealir.m  with  composite  spectra  in  the  case  of  galaxies, 
one  is  not  justified  in  classifying  the  low  dispersion  spectra  with  standard 
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•stellar  spectra  having  the  save  dispersion.  We  have  derived  a  composite 
color  index  which  measures  the  centroid  of  the  distribution  of  density  in 

the  observed  spectrum.  Tre  image  is  visually  estimated  to  be  composed 

• 

Of  four  sejsnents  bounded  by  the  approximate  wavelengths  of  3500 4300, 

^  5000 5SC0,  and*  - 9000.  The  classifier  estimates  in  arbitrary  units 
the  relative  density  of  each  of  the  four  sections  and  corrputes  a  composite 

index  I  =  £*(^3500-4300)  +  2x^4300-5000)  +  3x^5000-53C0*;  +  1,X^5800-9C00^'/ 

^3500-4300.  4200-5000  5000-5300  *9. 5300-9000^*  lr‘de:<  of  1,00 

Indicates  that  all  the  information  is  in  the  first,  blue  quarter  of  the 

spectrin: '  an  index  of  4.00  indicates  that  all  the  information  is  in  the 

fourth,  red  quarter  of  the  spectrum.  The  majority  of  the  galaxies  in  the 

Cora  and  Virgo  Clusters  had  indices  near  3-2,  equivalent  to  a  G-type 

spectrum. •  c 


The  Crossed-Prism  Soectram; 

Comparison  with  Other  Methods  of  Color  Analysis 
A  test  of  this  classification  scheme  can  be  made  by  comparing  the 
indices  obtained  ffc:ri  the  crossed-prisn  spectra  with  the  photometry  of 
Tifft  (I$o9)  of  galaxies  in  the  Virgo  Cluster.  Tifft  photo-metered  ga¬ 
laxies  using  diaphragms  of  five  different  sizes  which  ranged  in  diameter 
ftxo  10  to  64  seconds  of  arc.  His  1-3  color  corresponds  to  the  U-B  color 
of  the  US'!  system.  Eighteen  of  the  galaxies  if.  the  Virgo  Cluster  that 
Tifft  photcmetered  appeared  cn  our  plates.  In  Figure  l  ara  presented 
Tlfft’s  (1-3)  colors  plotted  against  cur  color  index  for  these  valaxies. 
The  upper  graph  gives  the  relation  for  the  64"  dlanhrarn*..  the  lower  graph 
the  relation  for  the  10"  diathrasn.  The  standard  deviation  of  Vi*  -w  UWaHvO 


Thus  one  ray  conclude  that  our  spectral  Index  does  correlate  with  the 
photoelectric  colors  of  galaxies,  the  correlation  is  test  with  the  colors 
obtained  for  the  nuclear  regions  which  dominate  in  forming  the  low  disper- 
sion  spectra. 

The  crossed  prism  method  has  advantages  over  imlticolor  photographic 
photometry  in  that  in  one  5  i/S  exposure  of  a  cluster  of  galaxies, 
approximately  100  galaxies  ray  be  recorded  simultaneously  under  identical 
Sky  conditions  for  later  measure.  To  gain  the  same  amount  of  information, 
a  four-color  photographic  photometric  system  would  have  to  be  used.  The 
total  exposure  time  would  c.e  greater  and  you  would  have  the  aided  problem 
that  the  exposures  would  be  taken  at  different  times.  A  disadvantage  is 
that  galaxies  which  have  appreciable  internal  structure  cannot  be  classified 
on  our  platesi  This  group  includes  those  brighter  galaxies  which  are  seen 
edge  on. 

Observations 


The  purpose  of  this  paper  is  to  indicate  what  information  can  be 
from  a  study  of  crossed-prism  plates  of  two  well-studied  clusters. 
JUture  papers  will  discuss  clusters  that  have  not  been  studied  and  will 
serve  as  surveys  to  locate  interesting  galaxies  for  further  work. 

The  plate  material  obtained  for  this  study  is  listed  in  Table  X. 

—  --  -  — -  Table  I  - — 

•  '  I 
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The  galaxies  from  Zwicky  ,  Herzog,  and  b’ild  (1S61)  that  fell  in  the  area 
of  our  Virgo  plates,  complete  to  a  limiting  magnitude  of  M  *  14.5  are  listed 
in  Table  II.  Those  galaxies  on  the  list  for  which  we  could  not  obtain  a  spec- 
tral  index  are  indicated  in  the  remarks  section.  Some  galaxies  were  orientated 
edge-on  and  the  spectrum  was  distorted  so  no  classification  could  be  made. 


These  galaxies  are  noted  by  the  tern  "orientation’'  under  remarks.  Some  galaxy 
images  were  too  diffuse  to  classify;  these  are  indicated  by  the  tern  "diffuse". 
Some  galaxy  images  which  were  insufficiently  stellar  like  because  of  the 
apparent  size  of  the  gala xy  are  noted  by  the  tern  "amorphous",  in  the  first 
(column  the  i-^C  number  (or  if  followed  by  an  asterisk,  the  I.C.  -number)  is 
listed,  followed  by  the  right  ascension  and  declination  for  1950.  The  mag- 
nitude  from  2vriLc>y  et  ai.  is  found  in  column  four  and  the  sgss==sl  index  in 
column  five.  Similar  data  for  the  Coma  Cluster  is  given  in  Table  III.  All 
galaxies  to  rag.  =  15.5  are  listed  from  Zwicky  and  Herzog  (1563).  Those 
galaxies  without  an  index  will  be  followed  by  a  remark  as  in  Table  II.  Each 
galaxy  was  classified  independently  by  each  author  and  the  average  index 
was  entered  in  the  tables.  The  internal  orobable  error  was  +  0.03. 


Color-!Ta=nitude  Diagrams 


^•produced  fr<vn 


otst  wiilibb  copy. 


The  color-magnitude  diagrams  for  the  Virgo  and  Coma  clusters  are  Shown 
in  Figures  2  and.  3.  hi  these  diagrams  we  have  plotted  our  composite  color 
Index  against  the  photographic  magnitudes  given  in  Tables  II  and  III.  The 
Cota  Cluster  Is  a  standard  example  of  a  regular  cluster,  while  the  Virgo  Cluster 
is  a  standard  example  of  an  irregular  cluster.  Therefore,  seme  difference 
right  be  expected  between  the  two  color-magnitude  diagrams.  The  major 
difference  that  can  be  seen  is  In  the  magnitudes  of  those  galamd.es  which  are 
bluer  or  redder  than  the  mean  color  of  ralaxlas  In  the  cluster.  Tr.e  dis¬ 
persion  in  colors  is  ?reater  In  VIrro  than  In  Coma,  undoubtedly  because  of  the 
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grater  homogeniety  in  morphological  types  within  Cora,  l.e.,  a  large  pre¬ 


ponderance  of  elliptical  galaxies.  In  the  Cera  Cluster,  the  brightest  two 
na^iitudes  all  have  about  the  sate  color,  whereas  in  the  Virgo  Cluster  the 
brightest  galaxies  range  in  index  from  3. $5  to  2.20.  In  the  Coma  Cluster, 
the  range  in  the  index  is  not  as  great  and  the  scatter  in  the  color-magnitude 
diagram  dees  not  appear  until  a  magnitude  of  15,  abcut  2  1/2  magnitudes 
fainter  than  the  brightest  galaxy.  • 

Another  feature  of  clusters  that  can  be  studied  is  the  possible 
correlation  of  color  with  position  within  the  cluster.  In  the  Virgo  Cluster, 
the  bluest  and  reddest  galaxies  did  hot  show  a  preference  for  any  part 
of  the  cluster;  each  color  group  is  scattered  at  random.  MX  4563,  with 
an  index  of  3*95,  is  the  reddest  galaxy  found  so  far  during  this  survey 
and  would  be  an  interesting  object  for  wprk  at  a  higher  dispersion.  Ho 
separation  was  apparent  in  the  color-magnitude  diagram  of  galaxies  of 
different  morphological  type.  In  Figure  1  there  was  a  tendency  for  spirals 
to  fall  below  the  mean  relation  and  ellipticals  to  fall  above. 

In  the  Coma  Cluster,  as  shown  in  Figure  -,  the  bluest  galaxies  seer, 
to  be  more  concentrated  to  the  center  of  the  cluster  than  do  the  reddest 
galaxies.  Food  (1963)  has  already  noted  that  there  is  a  tendency  for 
the  color  index  to  decrease  with  decreasing  luminosity  in  the  very 
central  regions  of  the  Coma  Cluster. 

- While  the  crcssed-prisn  spectral  index  is  a  coarse  measure  of  color, 

the  method  proves  to  be  useful  as  a  survey  technique  in  identifying  the 
bluest  and  reddest  galaxies  ir.  the  nearer  clusters  of  galaxies.  Very  red 
galaxies  ray  be  the  result  of  Internal  reddening  inedge  on  galaxies ,  as 
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dlagrarrs  that  can  be  plotted  fi  on  the-  Index  and  ragnitudes  from  the 
Zwlcky  catalogues  give  an  indication  of  the  type  of  cluster,  regular 
or  Irregular. 
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Titles  for  Figures 


Tifft’s  (1-3)  photoelectric  colors  versus  the  spectral 
index  for  13  galaxies  in  the  Virgo  Cluster.  The 
correlation  is  best  for  the  10"  diaphragm  (lower  graph) 

Color-ragnit ude  diagram  for  the  galaxies  treasured  in  the 
Virgo  Cluster. 

Color-ragnitude  diagram  for  the  galaxies  measured  in  the 
Coma  Cluster. 

The  location  of  the  reddest  and  bluest  salaxies  in  the 
Cora.  Cluster  of  galad.es .  Galaxies  with  an  index 
>3.21  are  plotted  as  solid  triangles;  galaxies  with 
an  index  <12.99  are  plotted  as  hollow  circles.  Solid 
circles  mark  the  positions  of  galaxies  with  3.00  S 
index  ^3.20.  In  the  central  square,  only  the  red  and 
blue  galaxies  are  plotted.  (Van  taken  from  Zwicky 
and  Herzog,  1963). 


